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Abstract 
In the recent years there has been a considerable increase in demand for the electrical power requirement in our 
country. Presently the transmission system voltages has increased to 765 kV ac and 800kV dc, keeping in view of the 
future demand experimentation and simulation studies for 1200 kV ac and 1100kV dc transmission are under 
progress. In the present study an attempt is made to compute the surface potential, electric field across the string of 
ceramic disc insulators used for 1200kV ac systems. The studies are carried out under normal, polluted conditions 
and for the case of insulator string containing faulty discs. A computer code using surface charge simulation method 
(SCSM) is developed for the present analysis. Also a new technique which enhances the surface potential and electric 
field strength for the existing ceramic disc insulators is presented.  
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1. Introduction 
   The present power generation capability in the country has increased more than 200,000 MW, as well 
the transmission voltage levels have been enhanced from existing 400kV ac to 765 kV ac and from 
±500kV to ±800kV dc [1]. The conductors, stress control rings, insulator strings and associated 
accessories operating at the ultra high voltage (UHV) i.e. above 765kV is of serious concern, due to the 
higher voltage gradients that occur along the high voltage transmission systems. 
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   With the development of ± 800 kV, 6000 MW HVDC system as a part of evacuation of bulk power 
from North Eastern Region (NER) to Northern Region (NR) of the country over a distance of 2000 kms 
and with 765kV ac transmission in operation, there is a need for future expansion. Hence experimental 
studies are in progress to increase the AC voltage level at 1200kV UHVAC and 1100kV UHVDC to be 
commissioned shortly [1]. 
Ceramic/porcelain insulators which are used for UHV transmission play a important role in isolating 
the conductor from tower, withstanding electrical stress which originates as a result of working voltage, 
lightning, switching or temporary over voltages that may cause flashover of insulators under abnormal 
environmental conditions and also provide mechanical support for transmission line conductors [2, 3].  
 In the present work, an effort is made to study the performance of 1200kV insulator string during 
normal, polluted and containing faulty discs in a string. A computer code using C++ is developed using 
surface charge simulation technique, for simulation of surface potential, electric field, bulk stress etc, the 
developed code is verified with several examples before being used for the present investigation. 
 
2.  Numerical Methods  
Numerical methods are basically classified into two broad categories, domain based methods, which 
includes Finite Difference Method (FDM) and Finite Element Method (FEM); and boundary based 
methods such as Boundary Element Method (BEM), Surface Charge Simulation Method (SCSM), and 
Charge Simulation Method (CSM). These techniques are employed over several years for computation of 
electric field and potential for dielectrics and electrical insulation studies [4, 5].  
 2.1  Development of computer code using surface charge simulation method 
    The present problem under study (insulator) is of open geometry; hence SCSM is employed to compute 
the surface potential, electric field, bulk/volume stress etc. The profile of the insulator is modeled by 
using the actual dimensional drawing obtained from the manufacturer. The computer program is coded in 
C++ and simulation of surface potential, electric field, bulk stress etc are plotted using matlab software. 
The SCSM code [6] is developed employing Galerkin formulations as this gives more accurate results.  
 
2.2   Equations employed for calculation for surface potential and electric field 
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                                       Figure 1  Schematic of an axi-symmetric strip L, in the r-z plane. 
 
 
The electric potential is given by  
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Where L is the length of the segment in “r-z” plane, dl is the elemental segment length, ɽ0 is the 
permittivity of free space, ȡs is the linear charge density, (r, z) are the coordinates of the measuring points 
and (r’, z’) are the coordinates of the source points. Similarly, Electric potential gradient is given as,  
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The calculation of electric field using the above equation on the source segment leads to singularity. 
However, the normal field at the source segment can be directly calculated by  
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U s
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Electric potential and its gradient are incorporated in SCSM code with Galerkin’s approach.  
2.3   Development of electric stress enhancement electrode.  
One of the main objectives of the present work is to reduce the maximum surface stress occurring at the 
pin region of the ceramic insulator. Based on the electric field plots, a few contours for the stress control 
electrode were arrived, from the pertinent study on the modified field distribution a suitable profile 
electrode was developed [6,7]. The simulation results obtained for the stress control electrode are 
discussed below.  
3. Simulation Results and Discussions 
     The manufacturer data (actual drawings) of ceramic disc insulator is discretized into segments of 
different lengths; the length of each segment is varied depending on the required accuracy. The typical 
discretization of 420kN disc insulator used for the present study is shown in Fig.2. The dimension of the 
disc used for simulation and experimentation has a creepage distance of 590mm, diameter 380 mm and 
height of 207mm respectively. A total of 55 ceramic disc insulators are used in a string for 1200kV 
system, the values of corona control ring used are 100mm dia near the high voltage end and an arcing 
horn of 30mm dia at the ground end and a clearance of 12meters from the ground is considered for 
simulation. 
     The surface potential and electric stress for the 1200kV string under normal conditions are presented 
in Fig.4 and Fig.5. It is observed from the figures that the maximum surface field occurs at the pin along 
the cement-air interface. Fig. 6 and Fig.7 show the equipotential and bulk/volume stress for the same 
string. Authors [8-10] have studied strings containing faulty discs, to understand further, simulation study 
is extended by creating the faults at various locations in the string. The comparison of surface electric 
 B. Subba Reddy et al. /  Energy Procedia  75 ( 2015 )  1114 – 1119 1117
stress with 2nd, 3rd and 4th discs faulty is presented in Fig. 8. From the figure it is observed that, when 2nd, 
3rd and 4th discs are faulty, enhancement of stress across the first disc is about 55%. The magnitude of 
enhancement varies widely with the number of faulty discs and their location.  From the study it is also 
seen that under normal operating conditions, the electric stress experienced by each insulator after 10th 
disc from the HV conductor end is significantly less compared to the discs which are near to the HV 
conductor.  
      It is observed that the maximum field is very high at the pin region in comparison to the average field 
along the surface of the insulator. This region has been identified as the most probable source of starting 
the initial scintillation/partial arcs.  
      One of the main objectives of the present work is to reduce the maximum surface stress occurring at 
the pin region. Based on the pertinent study on the modified field distribution a suitable profile for the 
reduction in electric stress was developed. The location of the electric stress reduction electrode is as 
shown in Fig. 3, the details are presented in [6,7]. The simulation results using field stress reduction 
electrode are shown in Fig. 9 and Fig.10. Fig. 9 shows the comparison of the results for normal string and 
string containing faulty discs and Fig.10 shows the comparison for the faulty discs, the plots present a 
significant reduction of 17 to 20% of the maximum surface field.  
     Similar field concentration can be expected to prevail during polluted or a contaminated conditions, 
during which the surface conduction field dominates over the dielectric field. Consequently, the surface 
profile of the insulator assumes prime importance. For simulating pollution effects on insulators, the 
program is suitably modified by considering only resistive component, as the capacitive component  
becomes negligibly small[11,12].  The simulation study for polluted conditions i.e for uniform and non-
uniform pollution (medium and heavy) are carried out and the results are presented in Fig.11. The 
magnitude of leakage current on the insulator surface varies with the type of pollution; the data obtained 
is presented in Table. 1.   
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     Fig. 2. Typical discretisation of a disc insulator                      Fig.3. Schematic location of stress control electrode  
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  Fig. 4. Electric potential distribution (1200kV normal)                    Fig.5 Electric field plot (1200kV normal) 
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              Fig.6. Equipotential plot 1200kV                                    Fig.7. Bulk /volume stress 1200kV string 
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Fig.8 Comparison of electric stress                                    Fig.9 Comparison of electric stress                    
                                                                                          (with & without stress control electrode) 
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          Fig. 10. Comparison of electric stress                                   Fig.11. Comparison of potential gradients         
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Table.1 Comparison of leakage current with pollution levels for uniform and non-uniform conditions 
Pollution level(μSiemens)                     Leakage Current(mA) 
Medium conductivity   
Uniform (25 μS)                                                324          
Non- Uniform (20-35 μS)                                 648 
High conductivity  
Uniform (50 μS)                                                318 
Non- Uniform (35-50 μS)                                 518 
4. Conclusions  
Surface potential and electric field simulations are conducted for 1200kV transmission line containing 
55 disc insulators in a string. Studies are carried out for normal and polluted conditions, with and without 
defective discs in a string. It is observed from the study, that when 2nd, 3rd and 4th discs are faulty, 
enhancement of stress across the first disc is about 55%, and reduces when the defective insulator discs 
are located at the middle or near to the ground end of the string. Similarly, comparison of surface electric 
stress for normal and discs containing stress control electrode show a significant reduction of 17 to 20% 
of the maximum surface field. The results obtained using the stress control electrode gives better 
performance. It is believed that these results will be helpful for the power utilities in making appropriate 
decision while replacing the faulty discs in a string.  
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